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PROBLEM TO BE SOLVED: To provide a high strength thin steel sheet combining the 
good balancing characteristics of strength-elongation of TSxEl of 21,000 MPa . % or 
more and YR of 70% or less and a low yield ratio. 

SOLUTION: In this thin steel sheet having a composition containing, by mass, 0.05 
to 0.25% Cj_ 0.1 to 2.0% Si 0.5 to 2.0% Mn^ 0.05 to 0.3% Ti and =S0.10% Al, and the 
balance Fe with inevitable impurities and a steel structure composed of the main 
phase consisting of polygonal f errite and a second phase consisting of martensite 
and/or retained austenite, the average crystal grain diameter of the polygonal 
f errite is controlled to 0.8 to 2.5 pm, moreover, the second phase is distributed 
so as to be reticulately connected to the grain boundary of the polygonal f errite, 
moreover, the occupying volume rate of the second phase is controlled to 5 vol . % or 
more, and the width of the second phase is controlled to 0.4 um or less on the 
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(57) imtoi 

immi TSXE1A* 21000 KPa • %ja±T. *>OYR#70 

%mr t v^a yx^fttfc fiv^ 

[«¥ft¥S] ©SWtWC. C : 0.05-0.25%. Si : 
0.1 ~2.0 %. Hn : 0.5~2.0 %. Ti : 0.05-O.3 %tJ 
itfAl : 0.10%OT£-£ifrU SSSIiFefcitPFajj^ 

WC. ±tB#*J*1'fr7x94 hW^Oi&mt: 0.8 
Mm U± 2.5//. JaTfc U £fc±IIS&2ffl£±lEtfy 

*» 3^(=JJE3S2ffi<D,5H¥£5 vol%W±. 20vol 

wfc, *>o±s^2ffl<oiaS:^%r 0.4/t. art 
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C : 0.05-0.25%. 
Si : 0.1 —2.0 %, 
Mn:0.5 — 2.0 %. 
Ti : 0.05-0.3 XUXXf 
Al :0.10%JJIT 

•3. 



lX:/sV±<Dftia&&.X' 730-780 TWiSJgSBtTflll 



^d^&^g^-is*£ii2SjajL£^ru sasn 

JJ&KU^^7x5-f KOf^Sfig* 5 0.8 
^> tLh 2.5^i jaT<0j3BBfi£. 



JbB*y=f*/l'7x54h<W&»i&8ga J 0.8Ati fil IB 

± 2.5/ii JCTF. *t±E?B2ffl*J±S^'J^;l'7x Ms PC) = 561- 474 • (C%) -33 • Mn <%) -17 • 

5>f h^S^4#KfflB«fc:^iSL-C^L. L*>i± Ni (%) 

^2ffl<06a** { 5 vol%jjUi. 20vol%jaTT. -17 ■ Cr (%) -21 • Mo (%) 

ftrnx- 20 fst^s. 

Nb : 0.1 %£TR [fg£3S6 ] mm5iZti^X. fcffl£&TL*:« 

v : o.5 %ht. fc. ±e»$B«£ 450-500 x.xzy-wmvmLx . 

p : o.o5%jst, mm&b-y*m£i!r&{t-tzzt*mit-t?>. Stt 

c u : i.o %en\ £mmfttt<?>&^?$mmm>^ zwmmg.n 

Mo:i.o%mr. a. 
Ni : i.o %m. im&mw&mm 

Cr:1.0 X&iT&XTS [0 001] 

b : 0.00002 ~o.oi% imvmt&mm] ttzam&mm®. 

<7>?*>i>>t>mA,tf i a*fc«2gjaji£^rf sffli&c t Lxmm^Lxism:. mmzmt. Lfrhmx. 

mm. mm$>viz*tit>am&itm£m&i><?)T$>h. 
imm3i m?mi£t:te2izt$^x. m&mtz [0002] 

C : 0.05-0.25%. T«. 7x7^f hk-?Arrls*H h£±flsfc-r&fflia£ 

si : 0.1 -2.0 %. im&&mm mr. DPit^> 717 

Mn:0.5 -2.0 %, >f K r-fccfctfiflgtf-Xx-M b^^rSffl 

Ti : 0.05-O.3 %&£V 40 8£lrf STR I P£#»4>*VO^. 

ai : o. io%jar [0003] ±M<m<r>o d pmi. mwtw < = 

sr^u t>&uii2t>iz mmzK^miZTs) xioo a*7o%mTfc«£<. 

Nb : 0. 1 %&T. WmmtZttmtZ gtt<D/£rTR I PSSJ: i) 

V : 0.5 %&T. £9. -ecO^JStStt^W^^X (TSXE1 ) li 19000 

p : o.o5%jar. MPa • %g&awc*>o£. tr i pm&. 

Cu : i.o %jy.T\ im£m*-A7"i-4 h#v;Wr>iM r- fc£©t£ 

Mo : 1.0 %!HT. -T fcT'Sgtt£^U TSXEltf 20000 MPa • %£j@i.& 

Ni : 1.0 %£Tr\ ZkiM&T$>h. 

Cr : 1.0 XtXT&iV [0004] flltfcf % *tff§¥3-10049 ^klSfcJJ. 

B : 0.00002 -0.01% 50 C. Si, Mn£g#jfc}ri l/C^rr*SJ£\ ffl^ : 80 
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%£Lt. ffg»7fflS : 780 ~900 ^TliftfgttLEg 
T350 -500 XTCgJXS ZkliZX*).**) *i->l>7 x 7 

*fc &goit#i8ja±t\ Lfrhu -mi- tm*- 

mSXit. TSXEl=20000MPa • Z ttf 

*smx-t>&. 

[ 0 0 0 5 ] *f§!FF9 -104947^&fflfc{J. TSX 
T.El^2000 kgf/n* - % < 19fiO0MPa • % ) fcU 

fc L/C. C : 0.05-0. 15SM%. Si : 0.5 —3.0 MM. 
%. Mi : 0.5 —3.0 fi*%. P^0.0ai%, S^O.01 
mm%, Al : 0.005 -0.10JI*%:feJ:t/Fe£±j£#i:-t 

n-50~Are+50XW^fcLT£ET¥#mJaJ:£> 20 
K K ffl^-Xft^ K93fflTU&£3 

*U *>07x7>f ( Vf ) t7i7>f 

(dr ) <OJt (Vf /dF ) aKaWOJbV. 2/z. WTO 

[0006] 

mmm^tub^ mmgtf 400 MPaa<7)t<os- 30 

ly-iSyvytXot-r&b. 590 MPa feLh^K^ 

g£#U *^TSxEl*i21000MPa -%i&SiS^J^! 
Stf^fc&S. .TO/Su JJEUdlfiPPa -10049 4|- 
tmizffl?ji(?)miR<7mxEU± 20000 MPa • %ggrc& 
0. £<Sg#£8ffcl/0^rV\ 1HH¥9-1049 
47^#T»i. TSXElli 21000 MPa • 

±z ttxry t*: 9 lt . marram 
[ 0 0 0 7 j a->t, mwiA wsg&eymrc. Bm 

mgrstfi 590 MPafcUiT. *»oTSXEl# 21000 MPa • % 
KU:tf>3£g-WA7yx£WU L*»t>B^ttYR*f70 
%aT-c*>l>fB«L -tKbhDPmtTR I pfiofta 

mMffMMa>^X\i^iv^-<r)^±.<c±% 
hZbltt&ttch. *ZX\ *f&BJfcL TS2S590 MPa 
„ TSxE1^21000MPa- %Xt*Z>. &fKJtS70%fcHo 
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[0008] 

2wwmmsim Ltzmzmztz £ t 

7^>^>f HtJj:im@^-^x^>fh*^0. 7x5 

[0009] ttb*>. *5m<rm%mmtdwt & 0 

1 • flUTCJMETC : 0.05-0.25%. Si : 0.1 -2.0 
%. Mn : 0.5 -2.0 %. Ti : 0.05-O.3 %*>«J:tMl : 0. 

4 hWmtiiljmW 0.&um £Lt 2.5^i JilT\ it: 

±m&2m&±m#v ^7x5>( hvy&ikfomzm 

B*K3tlStT»fliL, L*-t,±E^2fflcoAS** t 5 
vol%JJLh. 20vol%JaT-C. *>o±IJ3S2ffl<9«g#¥ 

[ooio] 2. isifcijv^-c. ia*^^k:, mm 

^•CNb : 0.1 %U1T. V : 0.5 %&T. P : 0.05%lJl 
T. Cu : 1.0 %JaT. Md : 1.0 %WT. Ni : 1.0 %JJl 
T\ Cr : 1.0 %JJlTfcJ:rXB : 0.00002 -0.01%<Od^ 

&zm&t:im£t:U2mikZtt-r&ms8.£&&z 

[ O O 1 1 ] 3 . ±S 1 *^tt2 CtJV^T. SBRilffie 

[001214. mSEft&X-C : 0.05-0.25%. Si : 
0.1 —2.0 %. Mn : 0.5 —2.0 %. Ti : 0.05-0.3 %iJ 
iXfk\ : 0.10%«T^^*L. J>SV^i$^,tCNb : 0.1 
%OT. V : 0.5 %OT. P : 0.05%tlT. Cu : 1.0 % 
WT. Mo : 1.0 %&T. Ni : 1.0 Cr : 1.0 

T&XVB : 0.00002 -O.01%<O5t > A»^>S^3 |k ilai 
Jttt2SW±iS:#*t. ^±FefcJ:lPF»rj^PF*6^ 
<Offlfigfc^0. SJfflJi**. ^'J^;P7x7>f hX*)% 

2gfcUL±D&SSB2ffifca><i>£D. JJ&K»J^W7 
x7>f h<O i F%|g B B B Sg*« 0.8/i. Kit 2.5/ii JJ1T<0 



5 

mm®.*, ix;/s&Lk<7mw£v 730-780 was 
m 

Ms CC) = 561- 474- (C%) -33 - Mn (%) -17- 
Ni (%) 

-17 Cr (%) -21Mo(%) 
[0 0 13] 5. ±£4tCfclvC. ^a-&ffdlS-C. 

[00 14] 6. _kM5fcfclvt. ftm&TLt:® 
iz. ±.a8m&£ 450-500 XX<20-60lHgftftLT. 

m. 

[0 0 1 5] MsjSfc^SJJEiWfckL Ni. C 

r. w*>&im&istswfihhifi. ztitmmzmwm 

ttZmt LTMs££:£ibTiM*VCt>&V\ 
[0016] 

i^agatcov^iiws. mmsftm?. c-.o.u 

Si : 0.7 %. Mn : 1.2 P : 0.010 S : 0.00 
2 Al : 0.042 %t>it^Ti : 0.16%£S-*TU 

1080C. W±m7&& : MXXTC. ti±£EgjK7SJS : 
860 U «S : 1-4 ofcffgLfc. xfc. ttitfflg 

gJRDSg£ 500t:i:LJt. Sris. tt±ffl©i7X?>- 

fcowc. fflffliSSra^Ufei:^^, T^S** 1.8// 
0.3jui «OA'-7>f ht**>?4 hfc#»65rSaS2ffl 

[ o o 1 7 ] a 1 TsxEifc&artjnia - ftwmnk 

Otf'J iWi7>( HW^JS^S (PiT7x7>( 

T. 7x5^ JIS G 0552K^68ILfc«)ISrSt: 

RHtC^UJtfctJO. TSXE1S- 21000 MPa 
• %m_bfc-$-Sfctf>Ktt, 7x54 hfig£ 2.5ju« fit 
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[ o o 1 8 ] jd» . ftwm®?M2mi.. m 
m (mm) #10-17 voi%*r?;i^y*M vtm* 

h®m< 2.5vm WF<r>&&te. g2i«7x7>( 

#£mBVilzm£LXfHfiLXt5'). *<D3S2fflco«gli 
WC 0.1-0.4 urn T*o7t. -IfltftU 7x54 
2.5ai ^Si.S^»im2ffl(i«6«t=^L 
•CV^. $ £>fc N TSXE1# 21000 MPa • %0±.t^im 

io fcf^YW o%OTT'*>£ £ t Lim Liz. 
[0019] 02«. TsxEifc&arts^ffl^a**) 

ft-t&ts&lZ'O^XKLtlff^ TSXE13s21000MPa - %£ 

8l£-ri»fcftt:ii, 82ffi#7x54 htmifflBlfco 
jS^LT^L. **o®2fflcOA«*^5vol%Ja±20 

20 7x5-f hSSli 1.7jui -C*0. *<Jg2fflJi^;Wx 

i>msmzw&Lx^Lx\^^zmim2tS(r> 

mi 0.1-0.4 xxi 

[0020] @3H. ®2ffl*«fflB«fcaigLT7x7 
m& 0.4/zb aTvy&klZ. TSXEW 21000 MPa • %KX 

SLttthz-tiHtfrh. 7x74 hes« i.6~ 

2.0 Sg2fflliV7Px>^4 hiJilf/xJtttgl 

30 ha^&»K ^2ffl«OA«^ttl2-15 v 

[0021] ElJbOig*^ TSXE1 Jr21000MPa - 
±i:f-&Jttf>fcfcL 5jfJd-^7x74h*»^^:S±ffl 
iSa*-C5vol%jaJi 20vol%jaT^v;U-r>^--f h 

7x7>f 2.5jui wfx. Ifri>m2m 

Sf*2ffl«lB#*WC 0.4xt. «Ti:^2.tSSffl«li:-rtl 

40 [00 2 2] *ZX\ »:tC. CKOip^rTSXElj^V^ffl 

iJf'J^7x5>( h*^^rS±ffifc. n-J 
4 <4t-4 -?/i-r>~*M hfcitms^-xx 
h<oa*»*»^Stfns lSx^«28Ja_b!)^^i. 

m2mG-tz>®mxb&®fczmtLx. ztuz 
tmk-ft&imtrmzktzx*). m2m<r)mmm 

[0023] ZZX\ Mfe-}^Waat:J;07x74h 

so miz&zixhmkKhmm?*?* v^mt 2.5 
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6*ffil4»fclHJ6L«rV^. 0!*.lfltgfmi-152544^ 

xmsmzmt. zvm. mmm&mx-n&TZs 

[00 24] ClClTli. m&LtM:AA oO&gSJ 
v\ oV^SBSLS20t:/s-C 300X:JaT^-C}$9L3t. 

b-r&t:*>T3>h. immmmmm^^x . * 

cOTSxElfcJ:tmffi£ffl£Lfc*^£04fcjj^. 
fc^LfcfcfcO. TSXElS21000MPa %i:-rSJt«)fc 
*Pf&3g£730~780 U 1-2 

[0 0 2 5] £>t. HS»^KO#iaiSe* f rsxEifc:&0*1- 

• &aW!UI£S&Ui. *KLT#£*ifcSllS{?>TSXEi£ 
5fc^LfcfctJ0. TSXE1^21000W>a • %t1rhlZ#>£. 

t. 

[00263 <js:tc:. mtevftmrnttsifhimm. 

T'&iPU:. 2K LTft^fclStSfciovvc. TSXE1£ 
±T%\^k. TSXEl£21000MPa • %«± 

[ o o 2 7 ] ifct:. TsxEifc&irrri£*s?)f&s£ii 

^Sfc#>fc. ®»H#*TC : 0.13%. Si : 0.7 %. M 
n : 1.2 P : 0.01%. S : 0.002 %*J«tlXAl : 0.042 
%£S*Jfcftfc LT^WU a^TifcS^&Sna'C 
#JTU Sa5JiFefciiPFiir^T:*6!Hj«7)fflj£fc:^|,i) 
Sr. mm. : 1080-C. fflEg&T&g : kxktc. {Lb 
: 860 XTC. A-5tt±JEfcgl^)|ija5X^ 
y Klcovvctt»WI?iMt»WJEffifc ^o3&X1&. 
1.4m fcffigLfc. *<0gL tt±ff@»m 0.8 

&afc8ox:/s<^&aaeT-^a2:iii&L. avisos 
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2.0/t» SfcKy =f*^7x5>f hi 

it. 

[0028] flX. &t>tvfcmmZ. #?S3LS: 5«C 
/sXHimt. 760 r?18|Ma^f&^£JSLfc<0^ 

3oomr*-c&siaLg : vrc/sx-ft&Ltz. a>< lt 

#MlfcllWCOkvC. TSXEl£}g|£U *<V&%m 
^Mfc<7>W8T07fcjj^\ IW^WrfcfcD. TS 
10 XE1^21000MPa • %fcf SJtfttCJi, Ti£0.05Bass%& 
± 0.3«ss%WT^«HT^#2-y:S'i®* J *>i.^ti& { 

[002 9] &i>. 04— 7fct>WC. TSXE1 S21000M 

Ra • %^^^iws<7)asfflja^K^:fc^. 
*<,sa*T5~2o voi%#arr&3»&ia5-#u *u:f 

t^7i5>f KWygfiSStf 0.8jub JjLh 2.5ju« 

20 t=«a«fc^sur^L. u&»i82fflo«s#wre 

[0030] *^fflti>^T. moj&ft&sSLzm 
mnmizmfcitM&iz^xmmtz . 

C : 0.05~0.25nass% 

^<tt)0.05Bss%S:^nrtS^3& s fc&. Lj&^L^r* 5 

30 cmtfzi-z&t. mtm<?)£itm«7)x-o.25*i 

[003 1 ] Si : 0.1 ~2.0 iass% 
SiJ±. 2ffl«^^JgaiBft:^-XT^>f hCO&J&Z&M 

•t&m#$>&fztb. ^<kt>o.i ■ass%ganrrs. 
l*»u=5t*«^. 2.0 wassxzmixmnxhzcvmk 

limit. 3XhTv7£m<<7>X' 2.0Kss%£±mt 

[ 0 0 3 2 ] Hi : 0.5 ~2.0 ■ass% 
Mi. 2tt®Wim}5£V*<?>®<Oft1ll£J:*). 8S2 
40 mr-?)V=rW4 h&£V/£t:im3*-XTi-4 h 
b-T&t:#>tz£mX'f } *). &%<bi>0.5 uossXcoma 

tmtth. ifrLKtft*. &w.(rmmt. 2%m> 
mmw&%*t. mmcr>i8!ffi:fthzttfx'*%<% 

&<nX-. ±K5r3.0 wass%k-?&. 
[0033] Ti :0.05~0.3 ■ass% 

■nti. *mi£t5^xmwm:7mre}>&. mi. m 
» ■ Kmmm>Mm<r>miX\ Ti c t lxif&i. 

50 IKfeMtcmtLXmi. S*t^UTJBBtt<0 



(6 

9 

<tLxm2nizih&{\&GW£mi-ht&iz. urn 
tcji. ^<fct>o.o5iass%^Tiaani* J 'i^'r*i.. l 

a>L&#^ 0.3 «ss%£j@i.T£»(cSanrf£i:. Ti 
a^tiSBSSSfl:. *6WHiCfci£tfft3l-fc<OiB 10 
StfBKfrO. TSxEl£ffiTSH*-CL* 30)?, 0.3 « 

[ 0 0 3 4 J Al : 0. 10»ss%BlT 
AHi. 8^tLT0.10Mss%J3lT<OS£fflm(Hrt^^ 
fc#T££. 0.10Bss%^j@tTaanifCt,S&** { ^I 

[ 0 0 3 5 ] J3Lh. £^#£oV vriJHBbfctf. *fg 
»5rett-E-<*>fl!ik:i>. «Tfc:a^7C^^SB^$-«i:S 

Nb:0.1 Bss%JilT 20 

*u mmfcLTttnij&fctznT. o.i «ss%jaT?> 

[00 3 6] V : 0.5 ■ass%JiT 

Z&<Qm*m&<0&T*m<<r>T. 0.5 iass%£ 
JJ&fc L-CSanrT S tcoi: Lfc. 30 
[ 0 0 3 7] P : 0.05mss%BIT 

<r>mtTt>ius . 2<fcSnill-fl:$-S< <r fc* Leiiiso 

tt^|Sj±t:«5!lK:^-i- S^-C. 0.05»ass%£_LI8fc: L 

[ 0 0 3 8 ] Cu, Mo, Ni, Cr : -^ft-ph. 1.0«ss%£lT 
Cu, Mo, NifcitfCra^ft-ffu SSSi'ft'Sr ^> t^(d«m 

v^t^raft^ i.OKss%2riei.stm!niitt3{«s 
T-ts^«>. -en-pm.o wassxaTomrcm&tt: 40 

[ 0 0 3 9 ] B : 0. 0002-0. 01«ss% 

Bit, o.otxto^x&Lhcomimtti^Tmvmm 

0>£{t&m< <0T\ 0. 0002-0. OlmassXco&mvmat 
[0 04 0] S : 0.01bss%BIT 
(cSV^gttAHST-rSO'C. 0.01«ss%WTKW*!l'f 50 



i ^2001-220641 
1 0 

i o 04 1 ] a*:. Sifflisois^aAfcov^^w 
a. 

S>h. iffltJiAS^ T 50vol%Blt 

[ 0 0 4 2 ] :if y :f*-*7 x5-f h : 0. 

8 um Bit 2.5/zi BIT 

82ffl£*l3B#fc^LT4y£3-l*\ TSXEl# 21000 M 
Pa • %BltT**0. YR*70%BlTti-Sfc«)«i, tf'J 

JTCftScO-C 0.8/xi SrTKfc-TS. 
[0043] »2«<0A«*. itfS 

frhTbh. tti. S2ffl*^B«t^SLT^I.^t 

Lfcsi?y:f-*vl/7x5>f h«t»«™H»bWtllnL. 
Jttf>ffl^fck^-rS*^T&6. LfrLfePfe, S&2 
fflWA«**>*5 vol%5feSlT«C^J:3^2ffl£0^g 

[ 0 0 4 4 ] tK. m 2ffi<0iK0 3 F%fi. -fSrfc^&S 
SB2ffli;±ffli:^**»^i^*f:JiRjitffl<om2ffl 

^L^2ffl£0«S* s 3S®fc:^ l 5-rrTgtt<Ofi 
Tfrfcfc'c.-ftfVC. ^2ffl^©«^%T 0.4/xb BlTfc 
-fS. S&fc. m2*B»iiHStca!S$-#-^-rs^fc:. 

m-xr-M \-<r>z%t>tiK h&^mnz. o=srs» 

[0045] J^L^^HfilS-^S^yx^S^: 
feSSg** 0.8-2.5 /ii ^'Jrft^7x5^ h*>£ 

\t2WJ±i >)%z>m2m:Gt&fmmiz%zmiR$ 
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